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'he  strengthening  effect  of  gallium  arsenide  by  indium  additions  is 


under  examination.  Interpretation  of  high  temperature  hardness  results  of 
In-free  and  In-containing  GaAs  suggests  that  the  intermediate  temperature 
hardening  of  these  materials  may  be  sufficient  to  reduce  dislocation 
densities  by  two  orders  of  magnitude  during  growth.  The  third  quarterly 
report  describes  the  most  recent  mechanical  tests  in  this  study  to  better 
understand  the  solid-solution  strengthening  in  these  systems.^ 

(1)  Progress 

-^In  the  previous  report,  hardness  measurements  on  undoped  and  In-doped 
GaAs  wafers  were  reported.  Conversion  of  these  data  to  critical  resolved 
shear  stress  values  show  that  the  values  are  in  the  same  range  as  those 
experienced  by  the  crystal  during  growth.  The  strengthening  at  higher 
temperatures  with  In  addition  is  consistent  with  solution  hardening  being 
responsible  for  dislocation  density  reduction  in  In-doped  GaAs^  Based  on 
these  results,  a  manuscript  was  submitted  to  the  Journal  of  Applied  Physics 
in  May. 

The  discrepancy  between  the  present  measurements  and  those  reported  by 

Swaminathan  and  Copley  (1975)  and  Tabache  (1985)  were  postulated  to  be  due 

to  boron  concentration.  Boron  levels  in  our  samples  were  found  to  be  7  ppm 
18  3 

by  weight  (2x10  atoms/cm  )  by  spark  source  mass  spectrometry.  However, 
hardness  measurements  on  GaAs  wafers  from  Texas  Instruments  containing  1 
ppm  B  and  from  Rockwell  International  containing  less  than  0.1  ppm  B  showed 
no  significant  difference  in  the  hardness  values  from  room  temperature  to 
700  °C  compared  to  the  7  ppm  B-containing  materials. 

Compression  test  fixtures  were  assembled  and  a  trial  test  using  a 
(III)  Si  crystal  was  carried  out  at  750°C.  The  fixtures  work  to  our 
satisfaction.  Specimens  of  GaAs  for  compression  testing  were  cut  from  seed 


crystals  and  polished,  taking  special  care  to  maintain  planarity  of  the  end 
faces. 

(2)  Major  Experimental  Equipment  Purchased 

After  the  analysis  of  high  temperature  hardness  data,  it  was  found 
that  the  temperature  range  for  compression  tests  should  approach  1200°C  to 
best  evaluate  any  change  in  deformation  mechanism  with  temperature.  The 
current  experimental  facilities  were  not  found  to  be  adequate  for  the 
high  temperature  compression  testing.  The  furnace  which  surrounds  an 
environmental  chamber  containing  the  compression  fixture  had  a  maximum 
temperature  capability  of  1000°C  but  showed  very  slow  heating  rates 
above  800°C.  A  new  Applied  Test  System  furnace  was  ordered  and  should  be 
in  place  during  the  first  week  of  August. 

(3)  Changes  in  Key  Personnel 
None. 

(4)  Substantive  Information  Derived  from  Meetings 

During  the  third  quarter  of  this  contract,  contacts  were  made  with  the 
Electronics  Research  Branch  of  the  Wright  Avionics  Lab.  Dennis  Walters  of 
Device  Growth  and  Characterization  has  been  able  to  support  us  with  GaAs 
containing  low  boron  concentrations  (approximately  1  ppm  and  0.1  ppm) 
described  earlier.  Since  the  hardness  testing  requires  little  material, 
plans  were  formulated  to  continue  interaction  with  this  group  at  Wright 
Patterson  in  further  characterization  of  the  III-V  materials. 

Professor  Jack  Furdyna  of  Purdue  University  visited  and  toured  our 
facility  on  June  13,  1986.  Discussions  involved  mechanical 
characterization  of  the  I I— V I  compounds,  particularly  the  Cd.  Mn  Te  system 

J.  X  X 

which  can  be  fabricated  nearly  across  the  entire  CdTe-MnTe  binary.  Studies 


on  II-VI  compounds  will  be  included  in  future  studies  if  approved. 

(5)  Problems  of  Concern 

Visa  problems  as  well  as  personal  problems  have  slowed  the  arrival  of 
our  second  post-doctoral  research  associate,  Dr.  Ragnaw  Rai,  who  is 
currently  at  Lawrence  Berkeley  Laboratory.  His  visa  application  is  now 
with  the  Immigration  and  Naturalization  Service;  however  he  has  been 
performing  some  microscopy  on  the  GaAs  crystals  ;  the  National  Center  for 
Electron  Microscopy  at  LBL. 

(6)  Fiscal  Status 

(a)  Amount  currently  provided  for  contract:  $142,286 

(b)  Expenditures  and  commitments  to  6/31/86: 

(c)  Amount  needed  to  complete  work: 

(d)  Estimated  date  of  completion:  8/31/86 
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